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We propose a novel self consistent minimal coupling prin-
ciple in presence of torsion dilaton eld. This principle yields
a new local dilatation symmetry and predicts the interactions
of torsion dilaton with the real matter and with metric. The
soft violation of this symmetry yields a physical dilaton and a
simple relation between Cartan scalar curvature and cosmo-
logical constant in this new model of gravity with propagating
torsion.
PACS number(s): 04.50.+h, 04.40.Nr, 04.62.+v
I. INTRODUCTION.
Recently it was recognized [1]- [4] a necessity of a new































































, and with ane-
























































depends on the torsion
because of the metricity condition.
A new MCP is needed to overcome the so called G-
A problem: in presence of torsion the standard MCP
yields dierent results when applied in action principle,
or directly in the equations of motion for particles and
elds (see for example [1] - [4] and the references therein).
This turns us back to the old question what are the right
equations of motion for a free test particles and elds in
presence of torsion [6]. For example, a free test particle
may move according to Newton's law of inertia (MCP ap-
plied directly in equations of motion) with zero absolute


























stands for the absolute derivative with re-

























































must be introduced to compensate the natural torsion
dependence of dynamics and to allow the free test par-
ticle to follow the extreme of this classical action. An
analogous G-A problem we nd too in eld dynamics in
spaces with torsion even for scalar elds.
It will be very hard to drop out of the physical theory
one of the two fundamental principles: Newton's princi-
ple of inertia, or the action principle based on quantum
mechanics [7] which conict in presence of torsion. Usu-
ally one prefers to preserve only the action principle (see
the review articles [8] and the huge amount of references
therein). But the theories of this type are not successful
in description of the physical reality (for recent results
see [9]). Therefore it seems that the best way to over-
come the G-A problem is to modify the standard MCP
and to look for a proper new one.
At rst this idea was realized by A. Saa [1] in pure ge-
ometrical way for all type of elds in some special spaces















. We call the eld  a torsion dilaton. Saa sug-











. Unfortunately this sim-
ple approach which yields A-type equations of motion
for elds turns to be unsuccessful for particles and uids
[2] and contradicts to basic experimental facts of gravi-
tational physics [9]. We can preserve the good features
of this model in suitable way and look for some more
sophisticated self-consistent minimal coupling principle
(SCMCP). We may hope that SCMCP based on right
physical reasons will bring us after all to a consistent and
beautiful theory compatible with experimental facts.
A solution of the G-A problem for test particles, anal-
ogous to Saa's model, was recently proposed in [3]. It








yields precisely the A-type equations (1) in the special
















being the complete anti-symmetric part of the




















 0: In this article we consider only
the case when 






. For brevity we
call such torsion "a torsion of special basic form".
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Here  is the uid's elastic energy, " is the uid's energy













uid's mass density in Lagrange variables (see for details
[2] and the references there in).
To have an A-type equation of motion for scalar eld
' we need to include a factor e
 3










' in the action. To
have a consistent with the particle action (2) semiclas-
sical limit of the equation for scalar eld an additional
factor e
 2











































' = 0 (6)








and h ! 0) precisely the Hamilton-Jacobi equation for











II. TORSION PRODUCING DILATATIONS AND
TORSION DILATON































(x) (which owns independent de-
grees of freedom) in dierent ways [11], [12]. These non-
coordinate transformations leave the local dierentiable





























. We have some innite dimensional group G
1

which preserves the angles but this property is not




which act on  


in dierent ways. Suitable for



































































()  0: (10)
These show that such dilatations preserve the cur-














. Hence the name torsion producing dilatations




. It's easy to see that























We need to make a few more steps in comparison with
the articles [12]. The rst is to extract the torsion dilaton









































). This partial dif-
ferential equation is a kind of Hamilton - Jacobi equation
for a "massless charged particle" in an "electromagnetic
eld" with vector-potential S

and under curtain bound-




; ~x) = 0) has an unique















= + : (13)
Thus we see after all that the TPD really produce only
torsion dilaton eld . Now we can introduce a new








































as the initial ane connection  











. The torsion dilaton plays the role of






















































be a (m,n) tensor under the ac-






























































. We dene the action of
a new dilaton derivative r
D










































































































This denition together with formulae (13), (14) and
the standard transformation rule of any tensor under
action of the group G
1
x




is precisely the covariant derivative with re-





















is a (m,n+1) G
1
x

























this new derivative a co
2
variant derivative adopting the
terminology by Eddington and Dirac [11].
As a basic consequences of the denition (15) we
















































 0 and this permit
us to commute the r
D
dierentiation with the lowering






Indeed, using the basic properties of the linear connec-
tions [5] and the relation d
e
























III. SELF CONSISTENT MINIMAL COUPLING
PRINCIPLE IN PRESENCE OF TORSION
DILATON



















and the A-type equations (1) and (4) may
































These are A-type equations with respect to the dilaton
connection r
D
. They fulll the Newton's law of inertia
and follow from action principle for the actions (2) and
(3). Hence, we have reached a SCMCP for matter.
The geometrical invariance of the solutions of the equa-









obvious consequence of the corresponding invariance of
the actions (2) and (3) (where d
m





Moreover, it leads us to the important conclusion that
our SCMCP yields a novel symmetry: a TPD invariance
of the matter dynamics in spaces with torsion of the spe-
cial basic form. Taking into account Dirac's note [11]: "It
appears as one of the fundamental principles of Nature
that the equations expressing basic laws should be invari-
ant under widest possible group of transformations" we
will extend this new TDP symmetry to all matter elds,
too.
B. SCMCP and TPD Invariant Action for Gauge
Fields
















we consider the elec-
tromagnetic eld. The corresponding generalization for
non-abelian Yang-Mills elds is straightforward. It's well




















(x)g and do not depend






A very clear explanation of this fundamental statement
both from physical and from mathematical point of view
may be found in the recent article [13] together with com-
plete list of references on this subject. This fact becomes
transparent when one writes down the equations (17) us-
ing the Cartan's calculus of dierential forms and ex-
terior derivatives. Hence, there is no need to generalize








some covariant derivatives (which in presence of torsion
would break the gauge invariance). Then for gauge elds








(x)g don't change at all be-
ing stable against any changes of its geometry [13]. For
them is proper the geometry of the gauge space and the
gauge elds play the role of coecients of another lin-









Our construction corrects the wrong statement about non-




article [3] where the TPD invariance of the A-lines was rec-
ognized for rst time, but a right understanding of the role of
torsion dilaton (x) and of TPD parameters (x) in it was
not reached.
3
of the gauge eld theory has an ane-metric geometry









, we are to introduce a co
3
variant con-














But in Maxwell's theory exists an important relation




























[13] and the Maxwell's equations





































being the electromagnetic tensor which
plays the role of curvature in gauge space geometry.
The standard interaction of the gauge eld A

with











This term together with the free particle action (2)







































= 0 and to have a self-consistent theory we must im-




= 0. The fundamental charges
are discrete quantities and cannot change continuously,
hence d
e







= 0 and proves the TPD invariance of the actions
(18) and (19). As a result we have SCMCP and TPD
invariant dynamics for gauge elds. Moreover, the de-
pendence of the gauge eld action (18) on the geometry
of the space-time is of the same kind as the dependence
of the matter actions (2) and (3), because in the action
(18) enter only exterior derivatives.
Some new generalizations of the constitute law of gauge
elds theory compatible with our SCMCP and with TPD
invariance are possible in presence of torsion. For exam-





















































invariant way which gives
the torsion dilaton . Then we can construct a mod-
ied constitutive law as described in [13]. There ex-












invariant terms of other










ical meaning of such interactions of gauge elds with
space-time metric-ane geometry is unclear and we give













invariance are not enough to x these
interactions.
C. TPD Invariant Action and SCMCP for Massive
Scalar Field







































. We may introduce a new





' with normal dimension d

=  1








































 = 0: (21)
It's an A-type equation, semiclassically consistent with
the action (2). Hence, we have a SCMCP for the eld .
The requirement of TPD invariance introduces a non-




















but there is no non-minimal coupling with metric g

.
This property will be of crucial importance when one
will try to construct a TPD invariant theory with
scalar elds  preserving the general relativity (GR)
as a right theory of the metric part of space-time
geometry. In contrast, to reach a conformal invari-
ant equation for scalar eld in Riemannian spaces one
must introduce a non-minimal coupling with metric
[14]. In presence of torsion dilaton we have an addi-

































































being the corresponding Riemann
curvature. The Penrose-Chernicov-Tagirov action with
this term added with arbitrary constant coecient 
gives the most general form of a quadratic in the eld
 TPD invariant action:
2














= 0 leads to d
h
= 0 which is in agreement with the known








































































































with minimal coupling of the
scalar eld  with metric g

. It coincides with the
action (20) up to divergence term and gives immedi-




















D. TPD Invariant Action and SCMCP for Dirac
Spinor Field
To incorporate the Dirac spinor eld  in our consid-












action of the derivative r
D
























































































being the Minkowski's metric) up to (pseudo)orthogonal































































being the spin-connection coef-
cients of the initial ane connection.
Let us consider Dirac eld  using standard -


































































 = 0 (25)



















































variant derivative for a charged spinor eld  will in-
clude the standard additional term  ieA

 . Hence, we
have SCMCP for spinor eld.
A similar considerations convince us that our SCMCP
may be extended on matter elds with all values of the
spin. Hence, having universal character it gives a proper
solution of the G-A problem for all elds if torsion has a
special basic form.
IV. ACTION FOR GEOMETRICAL FIELDS AND
VIOLATION OF THE TPD SYMMETRY
We can choose the action for geometrical elds in a
form, similar to the one for gauge elds (18). To have the
GR as a right theory of the metric part of the space-time
geometry [15] we have to preserve the metric dependence
of the Hilbert-Einstein action in presence of torsion. This
corresponding principle gives "a gravitation constitutive










F () ( be-
ing the Einstein constant), as far as the torsion dilaton






























with an arbitrary positive new function F (). This way
we worked out the action for the torsion dilaton , too
without putting by hands additional terms and coupling
constants. Obviously we have a specic form of SCMCP
for the very torsion dilaton eld and the space-time geom-
etry will be complete determined by the usual properties
of the matter without any new "charges".
If we are going to take into account the nonzero cosmo-
logical constant 
c











be added to the action (26).
Unfortunately the SCMCP gives no instructions about
the choice of the function F () and we have to justify it
in some new way. The simple choice F () = e
 2
yields








) we will turn back to the usual






















: : : being the action of the whole matter which is TPD
invariant by construction. Hence, this variant of theory is
consistent with all known gravitational experiments [15],
but in it the torsion dilaton disappears as a physical eld.
More interesting is the use a function F () 6= e
 2




. Now, going to the Einstein frame








without change of the eld , see [11]) we
have to replace the torsion dilaton eld with a new phys-




all places where the torsion dilaton  was standing in










action of geometrical elds with cosmological constant










































ing the corresponding TPD invariant Lagrange densities)























































where ": : :" denote a term essential for the TPD proper-
ties of the action A
G

























































































is the energy-momentum tensor of the








V. CARTAN SCALAR CURVATURE AND
COSMOLOGICAL CONSTANT
The last result we wish to report in this article may
turn to be quite interesting in the light of the recent de-
velopment of the cosmological constant problem [18]. As
a direct consequence of the TPD invariance for all TPD
3
It was shown that action similar to (26) yields cosmological
models without singularities in pure dilatonic gravity for a
large class of functions F () [16] (see [17], too).













0. After some algebra these identities and the eld equa-





F () 6= e
 2
). A new type curvature producing dilata-
tions (CPD)
4



































bring us to a new cosmological constant
frame (it coincides with the Einstein frame only in the
case F () = e
 2
). In this new frame all densities 
D
take their GR form if A

= 0 and the relation between





. Thus: 1) for rst time we are able to
recover the physical meaning of the Cartan scalar curva-
ture of the space-time relating it with the cosmological
constant; 2) we see that for the solutions of eld equations
(29) the Cartan scalar curvature has no singularities in
presence of matter of any kind and would be zero in any
frame if 
c
= 0. As far as the test particle trajectories in
our model are A-lines (1) we conrm the conclusions of
the early articles [19].
The last physical properties and the existence of the
physical dilaton D are direct consequences of the soft
violation of TPD symmetry.
VI. CONCLUDING REMARKS
We have to mention the following additional features
and problems of the present model of gravity with prop-
agating torsion:
1) In it we have a modied equivalence principle, as far
as at each point x
0
of the space-time exist a preferable lo-












) = 0 [20] and
dynamical equations for matter, being all of autoparal-
lel type, will simultaneously take their special relativistic
form up to terms of higher order as in GR.
2) The further development of the present model may
be based on its obvious similarity to string models (see
equation (28)). If it will be possible to relate our dilaton
elds  and D with string dilaton, we may justify the







in action (28) may be related with the string
axion (see [21] and the references therein).
On the other hand our approach gives a new possibility
to relate the string dilaton with space-time torsion, not
with nonmetricity, as one usually does in string theory.
As we sow, our consideration gives denite predictions
for dilaton interactions with usual matter. At present
this is an open problem in string theory. Most probably
our A-type equations of motion for matter in presence
4
































of torsion dilaton give the framework for the results of
a supersymmetry soft violation in superstring theories,
expected to produce the mass spectrum of the real matter
in them.
3) An analysis of the experimental consequences of the
present model is needed, as far as of the possibility to
incorporate in it a torsion of more general form then the
special basic one, or to use more complicated violation
schemes of the new TPD symmetry.
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